
CEL Hybrid Model
2-D Application

Simulate the Movement Behavior of Blueback
Herring (Alosa Aestivalis) in Response to 

Physicochemical Stimuli in
J. Strom Thurmond Lake

CEL Hybrid Model
2-D Application

Simulate the Movement Behavior of Blueback
Herring (Alosa Aestivalis) in Response to 

Physicochemical Stimuli in
J. Strom Thurmond Lake



Dr. John M. Nestler
Research Ecologist

USAE Engineering Research & 
Development Center

Waterways Experiment Station
Fisheries Engineering
nestlej@wes.army.mil

Dr. John M. Nestler
Research Ecologist

USAE Engineering Research & 
Development Center

Waterways Experiment Station
Fisheries Engineering
nestlej@wes.army.mil

Simulating Mobile Populations in Aquatic Systems
Using a Coupled Eulerian-Lagrangian Hybrid Model

CEL Hybrid Models
&

the Numerical Fish Surrogate

Simulating Mobile Populations in Aquatic Systems
Using a Coupled Eulerian-Lagrangian Hybrid Model

CEL Hybrid Models
&

the Numerical Fish Surrogate

R. Andrew Goodwin
Ph.D. Graduate Student
Cornell University

Civil & Environmental Engineering 
Environmental & Water Resources 

Systems Engineering
rag12@cornell.edu

R. Andrew Goodwin
Ph.D. Graduate Student
Cornell University

Civil & Environmental Engineering 
Environmental & Water Resources 

Systems Engineering
rag12@cornell.edu



ObjectiveObjective

Develop a Robust Modeling Framework for the 

Improved Simulation of

Biological Population Processes
(e.g., movement behavior)

in Aquatic Ecosystems

Develop a Robust Modeling Framework for the Develop a Robust Modeling Framework for the 

Improved Simulation ofImproved Simulation of

Biological Population ProcessesBiological Population Processes
(e.g., movement behavior)(e.g., movement behavior)

in Aquatic Ecosystemsin Aquatic Ecosystems



Eulerian-Based Models
Often Used by Engineers

• Often Used to Solve Mass-Balance 
Physicochemical Equations

• Centered on a Point Fixed in Space
• Discontinuous Spatial Information

(Information Averaged by Compartment)

• Shorter Time Steps Often Needed
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Eulerian - Lagrangian Framework Couple:

Numerical Fish Surrogate
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C = { e.g., velocity and/or acceleration vectors, 
temperature, dissolved oxygen, turbulent kinetic 
energy, turbulent length scales, pressure, etc. }
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J. Strom Thurmond Lake
• Located on South Carolina -

Georgia Border
• Surface Area = 28,320 ha
• Total Length = 61 km
• JST Represented as:

5 Branches
61 Segments
59 Layers
in CE-QUAL-W2 

Hydrodynamic &   
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CE-QUAL-W2 Representation of
Main Stem of J. Strom Thurmond Lake
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Sensory Volume in CE-QUAL-W2Sensory Volume in CESensory Volume in CE-- QUALQUAL-- W2W2

• Hydraulic Variables, Temperature, and Dissolved Oxygen

• Size and Shape of Sensory Volume Based on:

– Fish Size, Species, NFS Time Step, and Other Factors

• Hydraulic Variables, Temperature, and Dissolved Oxygen

• Size and Shape of Sensory Volume Based on:

– Fish Size, Species, NFS Time Step, and Other Factors



CE-QUAL-W2CE-QUAL-W2

Fish “Swim” in 3Fish “Swim” in 3-- DD Fish Visualized in 2Fish Visualized in 2--DD
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Moving Virtual Hydroacoustics Beam

What are fish responding to ?

Simulated Conditions on:
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Cumulative Decision History
of Virtual Population

Cumulative Decision History
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Physicochemical 

Stimulus or 

Randomization 

Longitudinal 

Movement 

Decisions (%) 

Vertical 

Movement 

Decisions (%) 

Horizontal Velocity 42.7 3.8 

Vertical Velocity  0.0 1.1 

Temperature 0.0 45.0 

Dissolved Oxygen 0.0 6.0 

Randomization 57.3 44.2 
 


